The Space multi-band Variable Object Monitor (SVOM) is a proposed Chinese astronomical satellite, dedicated to the detection, localization and measurement of gamma-ray bursts (GRBs) on a cosmological scale. An efficient algorithm is developed for the purpose of onboard star extraction from the CCD images obtained with the Visible Telescope (VT) onboard the SVOM. The CCD pixel coordinates of the reference stars will be used to refine the astronomical position of the satellite, which will facilitate triggering rapid ground-based follow-up observations of the GRBs. In this algorithm, the image is divided into a number of grid cells and the "global" pixel-value maximum within each cell is taken as the first-guess position of a "bright" star. The correct center position of a star is then computed using a simple iterative method. Applying two additional strategies, i.e., scanning the image only by even (or odd) lines or in a black-white chess board mode, we propose to further reduce the time to extract the stars. To examine the efficiency of the above algorithms, we applied them to the experimental images obtained with a ground-based telescope. We find that the accuracy of the astronomical positioning achieved by our method is comparable to that derived by using the conventional star-extraction method, while the former needs about 25 times less CPU time than the latter. This will significantly improve the performance of the SVOM VT mission.
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gamma-ray burst (GRBs), SVOM VT, on board computation China will launch an astronomical satellite named the "Space multi-band Variable Object Monitor" (SVOM) [1, 2] to detect cosmological gamma-ray bursts (GRBs) and trigger both the onboard and ground-based telescopes for follow-up observations. GRBs appear as transient flashes of gamma-rays in the sky, typically lasting for a couple of seconds and usually being accompanied by prompt afterglow emissions of X-ray or optical photons. They play important roles in many astrophysical fields [3] , including stellar evolution, black hole studies, shock physics, particle acceleration, cosmology, etc.
The SVOM satellite greatly emphasizes the coordination between ground-based telescopes and its four scientific instruments onboard, which are the Camera for X-and Gamma-rays (CXG), Gamma-Ray Monitor, Soft X-ray Telescope (SXT), and Visible Telescope (VT). Accurate positioning of GRBs by onboard instruments, e.g. < a few arcsecs, is crucial for ground-based telescopes to measure their redshifts as well as to perform the rapid follow-up observations due to their presence only on relatively short timescales.
VT is an optical telescope of 45-cm aperture with two imaging channels, and it is the only onboard instrument of SVOM which is able to locate the GRB within an arcsecond. When a burst is detected and localized (accurate to several arcminutes) by CXG, the platform will immediately slew to its direction towards the follow-up observations with SXT and VT. The first VT image, taken simultaneously with SXT and with a short exposure time, will be used to help the GRB localization (accurate to ~0.5 arcminute ) of the latter. Subsequent images will be taken with a longer-time exposure, to detect the optical afterglow of the GRBs and pro-vide a GRB position with an accuracy comparable to the sub-arcsecond level.
Owing to a limited capacity of the data transmission of SVOM, onboard data reduction is usually required. The pixel coordinates of the reference stars extracted in the CCD images will be sent to the ground. Then, the extracted reference stars will be used to match with the known catalogs, e.g., USNO-B, in order to convert the CCD pixel coordinates into real celestial coordinates.
In this paper, we develop a star-extraction algorithm which can help noticeably reduce onboard CPU running time with respect to the conventional method. The paper is organized as below: Conventional star-extraction methods are briefly reviewed in sec. 1; our solutions to optimize the star-extracting algorithm are described in sec. 2; the optimized algorithm is tested on ground-taken experiment images in sec. 3; the onboard efficiency of the new algorithm is evaluated in sec. 4; conclusions and discussions are given in sec. 5.
An overview of conventional star-extraction algorithms
The conventional star-extraction algorithms [4, 5] , widely used for ground-based data reductions, are comprised of two basic steps. The first step is to fit the sky background in order to detect the star pixels from the background. The second is to search for pixels that belong to the same star, and group them together to compute the center coordinates of the star. A typical implementation of such an algorithm is described below.
Background estimation
First, the sky background in each pixel is estimated in order to separate the object signal from the background signal [4] . The image is divided into many grid cells, each including a number of pixels. In each grid cell, an estimate of the background level is made and is assigned to the center pixel as its nominal value. A relatively "coarse" mesh of the sky background distribution is thus constructed. The value at any other pixel can be obtained from 2-dimensional spline-fitting interpolation of the mesh.
Searching for star pixels
After the interpolated sky background is subtracted from the image, the sky contribution to any star pixel becomes negligible. Only small residues remain in the sky pixels and the mean residue value can be taken as the standard deviation of the background. After convolution with a Gaussian filter, the image is traversed to search for pixels whose values are N times higher than the background standard deviation. Each group of connected high-value pixels are joined together to form an extracted star.
The conventional algorithms described above are timeconsuming, although they have the advantage of detecting sources with very low signal-to-noise ratios (SNRs). They are not suitable for satellite onboard data reductions since the onboard computers are usually several hundred times slower than even a normal personal computer available on the ground.
2 An onboard star-extraction algorithm optimized for the SVOM VT To transform pixel coordinates in a VT CCD image to celestial ones, we need to extract several reference stars onboard and find their positions. The reference stars to be extracted should be relatively bright in order to have good SNRs. This allows us to develop a fast star-extraction algorithm optimized for the SVOM VT. It consists of two steps described as follows.
Direct bright star location
First, the image is divided into ~100-400 grid cells. No evaluation of the sky background will be made. The pixel-value maximum within each cell is found and assumed to indicate a "bright star". We set both an upper threshold and a lower one in order to exclude saturated stars and low-SNR events. The former is chosen as 80% of the full-well value of a CCD pixel, while the latter would roughly correspond to a 14 magnitude star for a 15 second exposure of VT. The coordinate of the pixel-value maximum is taken as the first-guess position of the star. The stars can be sorted by their maximum values and only the required number of real bright stars should be retained.
Computing the correct star positions
The center position of a star is not always coincident with the pixel-value maximum in the star profile. To get the correct position, we do not adopt the time-consuming conventional ways of forming a star profile with all the connected pixels. Instead, we compute the pixel-value centroid of a rectangular region centered at the current position guess and adopt it as the new guess. This is done iteratively until convergence and thus the true center position is found. This procedure usually converges very fast, but if it does not, after five steps of the iteration process, we will break the iterative loop and the star will be discarded.
The computational complexity of our algorithm is much smaller than that of conventional methods. In the bright-star finding step, the CCD image is traversed only once, so its computational complexity is simply proportional to the total pixel number in an image which is n. In our procedure to compute star positions, for each star, only hundreds of pix-
